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中  文  摘  要 
化学交换饱和转移（CEST）为核磁共振（NMR）提供了一种新的对比度增






于 NOE的 MRI 的影响进行了研究，而后探索了一种基于 SPEN 的快速 CEST成
像方法。本文的主要工作如下： 
一、对 CEST 成像原理做了基本介绍，对 NOE 效应在 CEST 实验中的机制







方法，并通过与基于 EPI 的 CEST成像（CEST-EPI）方法在肌酸模型及肿瘤大鼠
的对比实验分析了 CEST-SPEN 成像方法的可行性。实验表明，与 CEST-EPI 相

































Fast chemical exchange saturation transfer MRI 
Miao Zhang 
ABSTRACT 
Chemical exchange saturation transfer (CEST) has provided a new contrast 
enhancement mechanism for nuclear magnetic resonance (NMR). In CEST 
experiments under high magnetic fields, nuclear Overhauser enhancement (NOE) 
effect would generate a “negative” background signal. Recent studies find that NOE 
has the potential to be a new magnetic resonance imaging (MRI) contrast mechanism. 
The long acquisition time of conventional multi-shot sequences has limited the 
implementation of CEST in in vivo applications. Fast imaging methods, such as echo 
planar imaging (EPI) can alleviate the time consuming problem. Nevertheless, EPI is 
also faced with many problems, like being sensitive to susceptibility heterogeneity 
and chemical shift effects. The spatiotemporally encoded (SPEN) method is naturally 
immune to field inhomogeneity and can retain the temporal resolution of EPI as well. 
In this thesis we studied the influence of lipids on NOE contrast imaging firstly and 
then explored a new approach for fast CEST imaging based on SPEN method. The 
main work of this thesis is listed as follows: 
1. Firstly a fundamental introduction of CEST imaging is given. The mechanism 
of NOE effect in CEST experiments and the developments of NOE imaging are then 
introduced. A comprehensive introduction of the sequence designs and quantification 
methods of CEST imaging is finally presented. 
2. The influence of lipids on NOE imaging is demonstrated by experiments on 
eggs, normal rats and brain tumor rats with and without fat-saturation modulation 
using fast spin echo CEST method. The results indicate that NOE images generated 
before and after fat saturation have relatively clear difference and lipids may have a 
negative influence on clinical diagnosis of diseases. 















and the feasibility of this approach is analyzed by experiments on creatine samples 
and brain tumor rats using both CEST-SPEN and CEST-EPI sequences. The results 
show that compared to CEST-EPI, CEST-SPEN method has better immunity to field 
inhomogeneity and can provide CEST effect analysis curves and images with better 
shapes and quality. 
 
Keywords: magnetic resonance imaging; chemical exchange saturation transfer; 

















Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
